When equal volumes of 6% lactose and a broth culture of Yersinia pestis were mixed before freezing, approximately 50% of the cells survived lyophilization and reconstitution on the following day. Concomitantly, the number of viable cells per 50% lethal dose increased from about 16 to 125 organisms. On subsequent storage of the lyophilized cells under vacuum in glass ampoules at 4°C for 25 years, more than 25% of the cells remained viable. When stored cultures were assayed immediately after reconstitution, virulence for mice was significantly reduced (as many as 4,000 cells/50% lethal dose), but the virulence was fully restored when reconstituted cultures were held for 24 h at room temperature, or when a subculture was prepared in fresh medium.
When equal volumes of 6% lactose and a broth culture of Yersinia pestis were mixed before freezing, approximately 50% of the cells survived lyophilization and reconstitution on the following day. Concomitantly, the number of viable cells per 50% lethal dose increased from about 16 to 125 organisms. On subsequent storage of the lyophilized cells under vacuum in glass ampoules at 4°C for 25 years, more than 25% of the cells remained viable. When stored cultures were assayed immediately after reconstitution, virulence for mice was significantly reduced (as many as 4,000 cells/50% lethal dose), but the virulence was fully restored when reconstituted cultures were held for 24 h at room temperature, or when a subculture was prepared in fresh medium.
There seems to be little quantitative data on long-term survival of lyophilized organisms (1, 3) . Published information on long-term storage is only qualitative, and quantitative data are available for materials stored only a few months or years. Availability of material lyophilized in 1954 provided an opportunity to obtain data on Yersinia pestis after extended storage. The virulence was of particular interest because, as reported earlier (4), this property appeared to be markedly reduced if assayed immediately after reconstitution. After only 9 months in rubberstoppered bottles, the 50% lethal dose (LD50) of the dried cells was approximately 104 viable cells compared with 16 before drying. This report describes the viability and virulence of lyophilized Y. pestis after storage for 25 years in glass ampoules.
MATERIALS AND METHODS Culture. All culture media were prepared with deionized water and dehydrated media from Difco Laboratories, Detroit, Mich. Stock cultures of Y. pestis, strain 139 L, were maintained on slants of blood agar base medium. First-passage broth cultures were prepared by transferring a loopful of growth from the solid medium to 100 ml of 2.5% (wt/vol) heart infusion broth (HIB). A second passage in broth was made by inoculating 100 ml of HIB with 1 ml of the first-passage culture. All broth cultures were incubated on a shaker at 320C for 48 h.
Subcultures were prepared from lyophilized preparations by inoculating 50 ml of HIB with 1 ml of reconstituted culture. The subcultures were assayed for virulence and viability after 24 h and again after 48 h of incubation.
Lyophilization. The apparatus and techniques were described in detail previously (4) . Equal volumes of a second-passage culture and 6% lactose were mixed, and 12 ml of the mixture was dispensed into 60-ml glass ampoules. The ampoules were attached to a lyophilization manifold, and the pressure in the system was slowly reduced to about 0.02 torr. This procedure degased the sample, which was subsequently frozen by evaporative cooling. Routinely, cultures were dried overnight and sealed under original vacuum (0.01 to 0.02 torr). Ampoules were stored at 4°C, except for about 3 years, when they were inadvertently left at room temperature.
Assays. Cultures were reconstituted by adding 12 ml of sterile 1% (wt/vol) peptone water at room temperature. Viability was determined by a modification of the drop-counting technique of Miles et al. (6) . A 1% (wt/vol) peptone solution was used as the diluent, and blood agar base medium was used for plating. We determined virulence by intraperitoneally inoculating 5-to 8-week-old specific-pathogen-free Namru mice with 0.2 ml of serially diluted culture. The LD5o was calculated by the method of Reed and Muench (7).
RESULTS AND DISCUSSION
The results summarized in Table 1 indicate that the cells survived remarkably well. If the value obtained from one of the five ampoules is ignored, over 25% of the cells survived lyophilization, storage for 25 years, and reconstitution. All ampoules were processed and stored under identical conditions, yet both viability and virulence varied widely, and there appeared to be no correlation between virulence and viability. There must have been one or more uncontrolled variable. It is possible that subtle factors, such as time between addition of lactose and freezing of the preparation, or small differences in temperature of the reconstitution fluid, or in the rate of addition or amount of dissolved oxygen, could have significantly affected virulence or viability. The effect of exposure to air before rehydration was tested because oxygen has been shown to have a dramatically deleterious effect on viability of dry cells (2, 5) , especially those cells lyophilized without protective additives. As shown in Table 1 , lactose appeared to effectively protect Y. pestis against lethal damage by oxygen for 4 h. Even 24 h of contact with air had relatively little effect on viability of the cells. Possibly, enough moisture was absorbed by cells to permit some repair of damage because there appeared to be a trend towards increased virulence upon exposure to air. Unfortunately, the number of samples is too small, and variability of the data is too great to attach any significance to this observation.
The effect of storage of lyophilized cells on their virulence is the most important aspect of this report. As reported earlier (4) Fig.   1 , the LD50 extrapolated to 25 years' storage would be about 8,200 cells. As is shown in Table  1 , the freshly reconstituted cells were more virulent than was predicted, ranging from 170 to 4,200 viable cells/LDso. This discrepancy is understandable since the extrapolation is based on only three points.
The low virulence of the freshly reconstituted culture appears to reflect a type of cellular damage induced by drying that is apparently enhanced by storage. In contrast, viability (ability to form colonies on blood agar base medium) was only slightly affected by prolonged storage. Unfortunately, only lactose was used as a protective additive in these long-term studies. It would have been interesting to compare other additives. Perhaps lactose is not the most effective additive for the preservation of virulence.
The in vitro increase in virulence of Y. pestis, either on holding of the reconstituted culture at room temperature or on subculture in fresh medium, as shown in Table 1 , appears to be unique. Failure to find other reports of a similar observation with other organisms may be due, in part, to the fact that reconstituted cultures are not generally used directly; instead, lyophilized cultures are used as an inoculum to prepare larger quantities of culture. Only one report (8) was found in which reconstituted material was tested directly. In this instance, Salmonella typhimurium retained full virulence when tested immediately after reconstitution of the lyophilized preparations, despite a loss of viability. 
